Aims-To assess the effects of the cytokines, interleukin-1 (IL-1), IL-1 receptor antagonist (IL-Ira), transforming growth factor-r 2 (TGF-P2) and basic fibroblast growth factor (b-FGF), on the mitosis of and coliagen synthesis by lens epithelial cells (LECs) (Br_J Ophthalmol 1996; 80: 63-68) Residual lens epithelial cells (LECs) proliferate in a defective lens capsule after cataract surgery, resulting in secondary cataract. They can also undergo fibrous metaplasia and produce collagen, resulting in capsular fibrosis that represents a form of secondary cataract. We reported previously that cultured human cataract LECs obtained by anterior capsulotomy during cataract surgery produce interleukin-1 (IL-i),l IL-6,2 IL-8 (unpublished data), basic fibroblast growth factor (b-FGF),3
Methods-The anterior lens capsule with attached LECs was obtained by capsulotomy during cataract surgery and cultured. The cultures at 2 to 3 weeks before confluency were used for the experiments. To quantify the mitosis and collagen synthesis, the incorporation of 3H-thymidine and 3H-proline, respectively, into the LECs was measured by a scintillation counter at 48 hours and 24 hours, respectively, after addition of the cytokine at various concentrations into the incubation medium. Results-IL-1 and b-FGF increased the mitosis and collagen synthesis significantly, but IL-Ira significantly decreased the mitosis while leaving the collagen synthesis intact. TGF-P2 decreased the mitosis significantly, but increased the collagen synthesis significantly. Conclusion-These cytokines may play an important role in an autocrine or paracrine pathway in the proliferation of residual LECs after cataract surgery.
Elucidation of the role of these cytokines may lead to the development of new therapies for the prevention of secondary cataract.
(Br_J Ophthalmol 1996; 80: 63-68)
Residual lens epithelial cells (LECs) proliferate in a defective lens capsule after cataract surgery, resulting in secondary cataract. They can also undergo fibrous metaplasia and produce collagen, resulting in capsular fibrosis that represents a form of secondary cataract. We reported previously that cultured human cataract LECs obtained by anterior capsulotomy during cataract surgery produce interleukin-1 (IL-i),l IL-6,2 IL-8 (unpublished data), basic fibroblast growth factor (b-FGF),3
and transforming growth factor-( (TGF-P) ( 
COUNT OF VIABLE CELLS
At each end of the culture, the number of viable cells was counted in each well according to our previously reported procedure. I The incubation medium in each well was removed, followed by a wash with 0 5 ml of calcium free and magnesium free phosphate buffered saline (PBS(-)). The cells in each well were then incubated with 0 4 ml of a mixture of 0-25% trypsin and 0-02% ethylene diaminotetra-acetic acid (EDTA) sodium for 10 minutes at 37°C. After repeated pipetting to remove the cells from the capsule and the plastic wall of the well, the entire cell suspension was transferred into a small glass test tube, taking care to leave as few cells as possible in the well. The cells were stained by adding 0 1 ml of a mixture of 005% crystal violet and 2 1% citric acid, followed by one drop of formalin. Only viable cells could be stained by this procedure. The number of viable cells in the cell suspension from each well was determined, in triplicate, in a FuchsRosenthal cell chamber for counting erythrocytes, and the mean value was used to obtain the total number of viable cells in each sample.
UPTAKE OF 3H-THYMIDINE BY HUMAN CATARACT LECS
The mitosis of LECs was assessed by measurement of 3H-thymidine incorporation into the cells. The cultures at 2 to 3 weeks, which showed no confluency and were still proliferating, were used. Before the procedure, the culture area in each well was determined in order to read the number of viable cells from the regression equation described.
Addition of the cytokine An aliquot of the culture medium was replaced with 0 5 ml culture medium containing the cytokine at various concentrations. Accordingly, human recombinant IL-lo (05 ,ug/ml, Genzyme, Cambridge, MA, USA) was added at the concentration of 1, 10, and 100 pg/ml and 1 ng/ml; human recombinant IL-ira (1 mg/ml, Otsuka Pharmaceutical, Tokushima, Japan) at 1, 10, and 100 pug/ml; human recombinant TGF-12 (1 ng/ml, Austral Biologicals, San Ramon, CA, USA) at 10 and 100 pg/ml and 1 ng/ml; or human recombinant b-FGF (1 ng/ml UBI, Lake Placid, NY, USA) at 1, 10, and I00 ng/ml.
Five to six cultures were used at each concentration. No cytokine was added to six cultures which served as the controls.
3H-thymidine labelling and mitosis assay After incubating for 48 hours at 37°C in a 5% carbon dioxide atmosphere following cytokine addition, cells were labelled with 0-2 ,uCi/ml of 3H-thymidine (1 mg Ci/ml) for 16 hours; 3H-thymidine incorporation into the cells was measured by a standard procedure.5
The radioactivity of 3H-thymidine was expressed as disintegrations per minute (dpm)/104 cells using the value of the viable cells at the end of the culture, which was determined from the regression equation described.
UPTAKE OF 3H-PROLINE BY HUMAN CATARACT LECs
Collagen synthesis was assessed by 3H-proline incorporation according to the method of Agelli et al6 with some slight modifications.
Addition of the cytokine The medium was removed and washed with PBS(-) twice and replaced with the prolinefree Eagle's MEM (controls) or proline-free Eagle's MEM containing the cytokine at various concentrations. Accordingly, human recombinant IL-I at concentrations of 10 and 100 pgfml and 1 ng/ml; human recombinant IL-lra at 1, 10, and 100 pug/ml; human recombinant TGF-,B2 at 100 pg/ml and 1 and 10 ng/ml; or human recombinant b-FGF 2 at 1, 10, and 100 ng/ml was added. Five to six cultures were used for each concentration. No cytokine was added to six cultures that served as the controls. These cultures were then incubated overnight.
3H-proline labelling
For radioactive labelling of the collagens synthesised by LECs, 2 ,uCi/ml 3H-proline (1 04 T Bq/mM, Amersham, Tokyo, Japan), 100 ,ug/ml L-ascorbic acid, and 100 ,ug/ml L aminopropionitrile (Daiichi Chemicals Inc, Tokyo, Japan) were added to the medium and then the cells were incubated for a further 6 hours. The medium was then removed and kept in a polyethylene tube. The cells were washed with PBS(-) and then dissolved by 0-5 N sodium hydroxide for 10 minutes and put into the same tube as the medium. Twenty ,ul of bovine serum albumin (BSA) (2 mg/ml) were added as a carrier to the tube. The entire contents were diluted with 0 1 M acetic acid and then distilled water to remove Effects Culture area Figure 2 The regression equation between the number of viable cells and the culture area at 2 to 31/2 weeks ofculture. (n =5) (n =5) (n =5) (n =6) Figure 3 The effects ofIL-1 on 3 H-thymidine uptake by human cataract lens epithelial cell. **Indicates p<O0 OI.
the unincorporated 3H-proline and then dried and frozen.
Collagen synthesis assay IL-1ra 1 jg/mI 10,ug/ml 100 g/ml (n = 6) (n = 5) (n = 5) (n = 5) Figure 4 The effects ofIL-lra on 3H-thymidine uptake by human cataract lens epithelial cells. **Indicates p<OO1. Figure 9 The effects of TGF-,3 on 3H-proline uptake by human cataract lens epithelial cells. *Indicates p<O0O5; **indicates p<0 01. Figure 8 The effects ofIL-lra on 3H-proline uptake by human cataract lens epithelial cells.
cells, x= culture area) with r (coefficient of correlation) = 0-92 (Fig 2) .
3H-THYMIDINE INCORPORATION AND MITOSIS

ASSAY
The uptake of 3H-thymidine was significantly increased by IL-1 at 100 pg/ml and 1 ng/ml (p<0-01 for both) (Fig 3) , while it was decreased significantly by IL-Ira at 10 and 100 pug/ml (p<0-01 for both) (Fig 4) . The uptake was significantly decreased by TGF-P2 at 100 pg/ml and 1 ng/ml (p<0-01 for both) (Fig 5) and increased by b-FGF at 10 and 100 ng/ml (p<0-l0 for both) (Fig 6) .
3H-PROLINE INCORPORATION
The uptake of 3H-proline was significantly increased by IL-1 at 100 pg/ml (p<0-05) and 1 ng/ml (p<0-01) (Fig 7) . IL-lra did not affect the uptake significantly (Fig 8) . The uptake was significantly increased by TGF-P2 at 1 ng/ml (p<0-05) and 10 ng/ml (p<0-01) (Fig  9) and by b-FGF at 10 ng/ml (p<0-05) and 100 ng/ml (p<0-01) (Fig 10) . Figure 10 The effects ofb-FGF on 3H-proline uptake by human cataract lens epithelial cells. *Indicates p<0-05; **indicates p<0-01.
Discussion
Our results clearly show that IL-I increased the mitosis of and synthesis of collagen by human cataract LECs, while IL-lra decreased the mitosis significantly. We also reported previously that rabbit polyclonal anti-human IL-1 significantly inhibited the proliferation of human LECs.7 Interleukin-I is now regarded as a basic mediator of intercellular signals, both within the immune system as well as between the immune system and almost all other organ systems, and it possesses a wide spectrum of multifunctional activities. 
